The Influence of paramagnetism and-diamagnetism will significantly alter the vacuum toroidal magnetic field in spherical torus. Therefore, plasma parameters dependent upon BT such as the q-profile and local p value needs an independent measurement of BT(r,t). The multi-chord Tangential Far Jnfrared Interferometer/ Polarimeter (FIReTlP) system [l] currently under development for National Spherical Torus Experiment (NSTX) will provide temporally and radially resolved toroidal field profile [BT(r,t)] and 2-D electron density profile [~( r f ) ] data. Two channel interferometer will be operational this year and full system will be ready by 2002.
I. Introduction
In conventional tokamaks, it is well known that the strength of the toroidal magnetic field (BJ, which is one of the fundamental parameters, is modified very little in the presence of plasmas.
Important plasma parameters such as "safety factor (q), local p and magnetic shear are consequently estimated based on the use of the vacuum magnetic field strength without independent measurement. However, the vacuum magnetic field in NSTX, is expected to be altered Significantly in the presence of plasmas. Therefore, it is essential to have an independent measurement of the toroidal magnetic field in NSTX, in order to address changes in plasma parameters dependent upon on toroidal field strength. The technique based on Faraday rotation effect has evolved and been applied routinely in machines where accessibility is not a problem. The primary goal of FJReTlP system is the measurement of the toroidal magnetic field, thus answering one of the perceived needs for diagnostic for NSTX. The toroidal magnetic field data can also be used in conjunction with the MSE measurement of pitch angles to obtain the q-profile. Simultaneously, temporally resolved (up to -500 kHz) 2D density profile information will be available as well.
Since the laser wavelength of 119 pm is an ideal wavelength for NSTX parameters, the experimental design will be based on accumulated knowledge and hardware from TFTR multichannel infrared interferometer [MRI] system [2].
Laser system and basic techniques
In interferometry/polarimetry system, the 0-mode polarized radiation in the magnetically confined plasma undergoes a phase shift given by 0-7803-6513-5/00$10.00 @ 2000 IEEE. 431
In the presence of a parallel magnetic field component, BT. the polarization of the wave is Faraday rotated through an angle Y (~) = 2.6 x With a sufficient number of chords spanning the plasma, interferometry data can be inverted to yield the temporally and radially resolved plasma density n&,t). Polarimetry data can be subsequently inverted to yield the time dependent parallel magnetic field BT(r,t).
The FIReTIP system design for NSTX is based on a wavelength of 119 pm that is ideal for NSTX plasma parameters. At this wavelength, the expected signal to noise ratio for interferometry and polarimetry is excellent. Interferometer system will have -10 fringes shift and polarimetry system will have a Faraday rotation of -10 degrees while a refraction of the beam is at the minimum (less than -0.5 mm) as shown in Fig. 3 in reference 1. Due to an access limitation, the present system consists of seven beam lines that enter at three separate toroidal locations at Bay K on NSTX as shown in Fig. 1 device, reflects from a suitably placed comer cube retro-reflector, and traverses back through the plasma to return to a common point for detection. This scheme is shown schematically in this figure. Currently we are planning to operate two channel interferometry system (#1 and #2 in Fig. 1 ) and test the polarimetry channels.
There has been a significant progress of Faraday rotation measurement. The technique we are implementing on this system is modulation of polarization of the probe beam. A major limitation of the rotating half-wave plate used in MTX measurement is the limited modulation rate (e 10 WZ) that can be created by the mechanically rotating plate. This limitation can be removed by replacing the rotating plate by an additional farinfrared (FIR) laser. In this approach pioneered by Rommers and Howard on RTP [3], the rotating elliptically polarized wave is formed by injecting two co-aligned counter-rotating circularly F -€ polarized laser beams into the plasma. This scheme is illustrated in Fig. 4 of reference 1. The beams, generated by separate FIR lasers with frequencies W, and 4, are slightly offset to allow the use of heterodyne detection methods.
The FIReTIP system will utilize an approach similar to that used on RTP. In this case, however, the FIR lasers will run at 119 pm with a difference frequency wl-qo = 4.M.5 MHz and q--0 = 6.W.5 MHz. The LO frequency shift of 5 MHz will be obtained using the Stark tuned FIR laser in addition to two FIR lasers operating with a frequency difference of 2 MHz. This generates interferometer and a polarimeter signal at 6.0 and 4.0 MHz. Phase lock loop circuits and with a tracking system will be utilized to examine the interferometer signaI(s), while a phaselocked quadrature phase comparator system will be developed to make Faraday rotation measurements with high temporal resolution [4] . Note that only a single detector is required for each chord in the tangential interferometer system.
Optical system contiguration
The beam propagation is largely divided into three sections. First and second sections consist of two focusing mirrors that collimate the laser beams (effective beam waist of -0.4 cm) to an appropriate size (beam waist of -2.2 cm) so that splitting and detection can be arranged with collimated beams. The final section is propagation through the plasma and retro-reflectors. The partial layout of optical components is shown for the first three channels in Fig.2 . Electroformed Cu meshes will be utilized as beam splitters and partial reflectors. The characteristics of these metal meshes are studied in detail [5] and known to distort beam polarizations for non-normaI incidence. In order to split the probing beam into seven parts which will be directed to retroreflectors with a minimum polarization change, the reflection angles are maintained -10 degree. Splitting the LO beam into seven parts can be achieved with these beam splitters too. They will be directed to each of the Schottky diode comer cube detectors and polarizing grids with which the interferometer and polarimeter signals are to be measured. Each beam will be guided to the mid-plane where quartz windows are located at Bay K of NSTX as shown in Fig. 3 . The thickness of crystal quartz is adjusted so that the reflection at the surface is minimum for this wavelength. For channels # 1 and #2, two exit windows are located at Bay F where retroreflectors are mounted on the base plate of the Thomson scattering detection system. Since this system consists of retro-reflectors mounted on the wall of vacuum vessel and outside mounts, the identification of a possible vibration effect on the channels using inside retroreflectors, even though the fringe shift is expected to be large (-10 fringes), will be considered during this run time.
IV. Summary
It is essential to make a measurement of time dependent toroidal field variation in NSTX, since paramagnetism and diamagentism will alter the vacuum magnetic field significantly in the presence of plasmas. This paper presents a multi-purpose Tangential Interferometer/ Polarimeter system to measure B,(r,t) and ne(r,t), simultaneously. In addition, it is possible to measure chord integrated frequency spectrum from both coherent and incoherent density fluctuations.
